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(54) SEMICONDUCTOR DEVICE

(57) A semiconductor device of embodiments in-
cludes a transistor region and a diode region. The tran-
sistor region includes: a first conductive type first semi-
conductor region, a second conductive type second
semiconductor region, a first conductive type third semi-
conductor region in this order in a semiconductor layer; a
second conductive type fourth semiconductor region and
a first conductive type fifth semiconductor region on the
third semiconductor region and arranged alternately in a
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first direction; a first conductive type sixth semiconductor
region between the third and the fourth semiconductor
region a first trench spaced from the sixth semiconductor
region; a gate electrode in the first trench; a first electrode
having a first portion, a bottom surface of the first portion
being in contact with the third semiconductor region and
side surfaces of the first portion being in contact with the
fourth, the fifth, and the sixth semiconductor regions; and
a second electrode.
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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application is based upon and claims the
benefit of priority from Japanese Patent Application No.
2023-158094, filed on September 22, 2023, the entire
contents of which are incorporated herein by reference.

FIELD
[0002] Embodimentsdescribed hereinrelate generally
to a semiconductor device.

BACKGROUND

[0003] Anexample of a power semiconductor device is
an insulated gate bipolar transistor (IGBT). In the IGBT,
for example, a p-type collector region, an n-type drift
region, and a p-type base region are provided on a
collector electrode. Then, in a trench that penetrates
through the p-type base region to reach the n-type drift
region, a gate electrode is provided with a gate insulating
filminterposed therebetween. In addition, an n-type emit-
terregion connected to an emitter electrode is provided in
a region adjacent to the trench on the surface of the p-
type base region.

[0004] In recent years, a reverse-conducting IGBT
(RC-IGBT) in which an IGBT and a freewheeling diode
are formed in the same semiconductor chip has been
widely developed and commercialized. The RC-IGBT is
used, for example, as a switching element in an inverter
circuit. The freewheeling diode has a function of making a
current flow in a direction opposite to the on-current of the
IGBT. Forming the IGBTand the freewheeling diode in the
same semiconductor chip has many advantages, such
as a reduction in chip size due to sharing the termination
region and dispersion of heat generation locations.
[0005] In the RC-IGBT, there is a possibility that the
operation of the IGBT and the operation of the diode will
interfere with each other to degrade the element char-
acteristics of the RC-IGBT. For example, when the diode
is turned off, holes injected from the IGBT region at the
boundary with the diode region may not be discharged to
increase the reverse recovery current of the diode. When
the reverse recovery current of the diode increases, the
switching loss of the diode increases, and the switching
loss of the RC-IGBT increases.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006]

Fig. 1 is a schematic diagram of a semiconductor
device according to a first embodiment;

Fig. 2is a schematic cross-sectional view of a part of
the semiconductor device according to the first em-
bodiment;
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Fig. 3 is a schematic top view of a part of the semi-
conductor device according to the first embodiment;
Fig. 4 is a schematic cross-sectional view of a part of
the semiconductor device according to the first em-
bodiment;

Fig. 5is a schematic cross-sectional view of a part of
a semiconductor device according to a comparative
example;

Fig. 6 is a schematic top view of a part of the semi-
conductor device according to the comparative ex-
ample;

Fig. 7 is a schematic cross-sectional view of a part of
the semiconductor device according to the compara-
tive example;

Fig. 8 is an explanatory diagram of the problem of the
semiconductor device according to the comparative
example;

Fig. 9 is an explanatory diagram of the function and
effect of the semiconductor device according to the
first embodiment;

Fig. 10 is an explanatory diagram of the function and
effect of the semiconductor device according to the
first embodiment;

Fig. 11 is a schematic cross-sectional view of a part of
a semiconductor device according to a first modifi-
cation example of the first embodiment;

Fig. 12 is a schematic top view of a part of the
semiconductor device according to the first modifi-
cation example of the first embodiment;

Fig. 13 is a schematic cross-sectional view of a part
of the semiconductor device according to the first
modification example of the first embodiment;

Fig. 14 is a schematic cross-sectional view of a part
of a semiconductor device according to a second
modification example of the first embodiment;

Fig. 15 is a schematic top view of a part of the
semiconductor device according to the second mod-
ification example of the first embodiment;

Fig. 16 is a schematic cross-sectional view of a part
of the semiconductor device according to the second
modification example of the first embodiment;

Fig. 17 is a schematic cross-sectional view of a part
of a semiconductor device according to a second
embodiment;

Fig. 18 is a schematic top view of a part of the
semiconductor device according to the second em-
bodiment; and

Fig. 19 is a schematic cross-sectional view of a part
of the semiconductor device according to the second
embodiment.

DETAILED DESCRIPTION

[0007] A semiconductor device of embodiment in-
cludes a transistor region and a diode region. The tran-
sistor region includes: a semiconductor layer having a
first face and a second face opposite to the first face; a
first semiconductor region of a first conductive type pro-
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vided in the semiconductor layer; a second semiconduc-
tor region of a second conductive type provided in the
semiconductorlayerand provided between the first semi-
conductor region and the first face; a third semiconductor
region of the first conductive type provided in the semi-
conductor layer and provided between the second semi-
conductor region and the first face; a fourth semiconduc-
tor region of the second conductive type and a fifth
semiconductor region of the first conductive type pro-
vided in the semiconductor layer, provided between the
third semiconductor region and the first face, and ar-
ranged alternately in a first direction parallel to the first
face; a sixth semiconductor region of the first conductive
type provided between the third semiconductor region
and the fourth semiconductor region and having a first
conductive type impurity concentration higher than thatin
the third semiconductor region and lower than that in the
fifth semiconductor region; a first trench provided on the
firstface side in the semiconductor layer, extending in the
first direction, repeatedly arranged in a second direction
parallel to the first face and perpendicular to the first
direction, in contact with the second semiconductor re-
gion, the third semiconductor region, the fourth semicon-
ductor region, and the fifth semiconductor region, and
spaced from the sixth semiconductor region; a gate
electrode provided in the first trench; a gate insulating
film provided between the gate electrode and the third
semiconductor region; a first electrode provided on the
first face side with respect to the semiconductor layer and
having a first portion, a bottom surface of the first portion
being in contact with the third semiconductor region and
side surfaces of the first portion being in contact with the
fourth semiconductor region, the fifth semiconductor re-
gion, and the sixth semiconductor region; and a second
electrode provided on the second face side with respect
to the semiconductor layer and in contact with the first
semiconductor region. The diode region includes: the
semiconductor layer; the second semiconductor region;
a seventh semiconductor region of the second conduc-
tive type provided in the semiconductor layer, provided
between the second semiconductor region and the sec-
ond face, and having a second conductive type impurity
concentration higher than that in the second semicon-
ductor region; an eighth semiconductor region of the first
conductive type provided in the semiconductor layer and
provided between the second semiconductor region and
the first face; the first electrode electrically connected to
the eighth semiconductor region; and the second elec-
trode in contact with the seventh semiconductor region.
[0008] Hereinafter, embodiments will be described
with reference to the diagrams. In the following descrip-
tion, the same or similar members and the like will be
denoted by the same reference numerals, and the de-
scription of the members and the like once described will
be omitted as appropriate.

[0009] Inthis specification, when there are notations of
n*-type, n-type, and n--type, this means that the n-type
impurity concentration decreases in the order of n*-type,
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n-type, and n--type. In addition, when there are notations
of p*-type, p-type, and p~-type, this means that the p-type
impurity concentration decreases in the order of p*-type,
p-type, and p~-type.

[0010] Inthis specification, the n-type impurity concen-
tration does not indicate the actual n-type impurity con-
centration, but indicates the effective n-type impurity
concentration after compensation. Similarly, the p-type
impurity concentration does notindicate the actual p-type
impurity concentration, but indicates the effective p-type
impurity concentration after compensation. For example,
if the actual n-type impurity concentration is higher than
the actual p-type impurity concentration, the n-type im-
purity concentration is obtained by subtracting the p-type
impurity concentration from the actual n-type impurity
concentration. The same applies to the p-type impurity
concentration.

[0011] In this specification, the distribution and abso-
lute value of the impurity concentration in a semiconduc-
tor region can be measured by using, for example, sec-
ondary ion mass spectrometry (SIMS). In addition, the
relative magnitude relationship between the impurity
concentrations in two semiconductor regions can be
determined by using, for example, scanning capacitance
microscopy (SCM). In addition, the distribution and ab-
solute value of the impurity concentration can be mea-
sured by using, for example, spreading resistance ana-
lysis (SRA). By the SCM and the SRA, the relative
magnitude relationship or absolute values of the carrier
concentrations in semiconductor regions can be calcu-
lated. By assuming the activation rate of impurities, the
relative magnitude relationship between the impurity
concentrations in two semiconductor regions, the distri-
bution of the impurity concentration, and the absolute
value of the impurity concentration can be calculated
from the measurement results of the SCM and the SRA.

(First Embodiment)

[0012] A semiconductor device according to a first
embodiment includes a transistor region and a diode
region. The transistor region includes: a semiconductor
layer having afirst face and a second face opposite to the
firstface; a first semiconductor region of a first conductive
type provided in the semiconductor layer; a second
semiconductor region of a second conductive type pro-
vided in the semiconductor layer and provided between
the first semiconductor region and the first face; a third
semiconductor region of the first conductive type pro-
vided in the semiconductor layer and provided between
the second semiconductor region and the first face; a
fourth semiconductor region of the second conductive
type and a fifth semiconductor region of the first conduc-
tive type provided in the semiconductor layer, provided
between the third semiconductor region and the firstface,
and arranged alternately in a first direction parallel to the
first face; a sixth semiconductor region of the first con-
ductive type provided between the third semiconductor
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region and the fourth semiconductor region and having a
first conductive type impurity concentration higher than
that in the third semiconductor region and lower than that
in the fifth semiconductor region; a first trench provided
on the first face side in the semiconductor layer, extend-
ing in the first direction, repeatedly arranged in a second
direction parallel to the first face and perpendicular to the
first direction, in contact with the second semiconductor
region, the third semiconductor region, the fourth semi-
conductor region, and the fifth semiconductor region, and
spaced from the sixth semiconductor region; a gate
electrode provided in the first trench; a gate insulating
film provided between the gate electrode and the third
semiconductor region; a first electrode provided on the
first face side with respect to the semiconductor layer and
having a first portion, a bottom surface of the first portion
being in contact with the third semiconductor region and
side surfaces of the first portion being in contact with the
fourth semiconductor region, the fifth semiconductor re-
gion, and the sixth semiconductor region; and a second
electrode provided on the second face side with respect
to the semiconductor layer and in contact with the first
semiconductor region. The diode region includes: the
semiconductor layer; the second semiconductor region;
a seventh semiconductor region of the second conduc-
tive type provided in the semiconductor layer, provided
between the second semiconductor region and the sec-
ond face, and having a second conductive type impurity
concentration higher than that in the second semicon-
ductor region; an eighth semiconductor region of the first
conductive type provided in the semiconductor layer and
provided between the second semiconductor region and
the first face; the first electrode electrically connected to
the eighth semiconductor region; and the second elec-
trode in contact with the seventh semiconductor region.
[0013] The semiconductor device according to the first
embodiment is an RC-IGBT 100 in which an IGBT and a
freewheeling diode are formed in the same semiconduc-
tor chip. The RC-IGBT 100 has a trench gate type IGBT
including a gate electrode in a trench formed in a semi-
conductor layer. Hereinafter, a case where the first con-
ductive type is p-type and the second conductive type is
n-type will be described as an example.

[0014] Fig. 1 is a schematic diagram of the semicon-
ductor device according to the first embodiment.

[0015] Fig. 2 is a schematic cross-sectional view of a
part of the semiconductor device according to the first
embodiment. Fig. 2 is a cross-sectional view taken along
the line AA of Fig. 1.

[0016] Fig. 3 is a schematic top view of a part of the
semiconductor device according to the first embodiment.
[0017] Fig. 3is atop view on a first face F1. Fig. 2is a
cross-sectional view taken along the line AA’ of Fig. 3.
[0018] Fig. 4 is a schematic cross-sectional view of a
part of the semiconductor device according to the first
embodiment. Fig. 4 is a cross-sectional view taken along
the line BB’ of Fig. 3.

[0019] The semiconductor device according to the first
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embodiment is the RC-IGBT 100. The RC-IGBT 100 has
a transistor region 101 and a diode region 102. The
transistor region 101 operates as an IGBT. The diode
region 102 operates as a freewheeling diode.

[0020] The RC-IGBT 100 according to the first embo-
diment includes a semiconductor layer 10, an upper
electrode 12 (first electrode), a lower electrode 14 (sec-
ond electrode), a gate electrode 16, a first conductive
layer 18, a second conductive layer 20, a gate insulating
film 22, a first insulating film 24, a second insulating film
26, an interlayer insulating layer 28, and a gate electrode
pad 103.

[0021] Theupperelectrode 12 has afirsttrench contact
portion 12x (first portion).

[0022] Inthe semiconductor layer 10, a gate trench 31
(first trench), a first dummy trench 32 (second trench), a
second dummy trench 33 (third trench), a collector region
41 (first semiconductor region), a drift region 42 (second
semiconductor region), a base region 43 (third semicon-
ductor region), an emitter region 44 (fourth semiconduc-
tor region), a cell contact region 45 (fifth semiconductor
region), a resistance reduction region 46 (sixth semicon-
ductor region), a barrier region 47 (tenth semiconductor
region), a cathode region 51 (seventh semiconductor
region), an anode region 52 (eighth semiconductor re-
gion), and a diode contact region 53 (ninth semiconduc-
tor region) are provided.

[0023] The semiconductor layer 10 has a first face F1
and a second face F2 opposite to the first face F1. The
first face F1 and the second face F2 are substantially
parallel, for example.

[0024] The semiconductor layer 10 is, for example,
single crystal silicon. The thickness of the semiconductor
layer 10 s, for example, equal to or more than 40 pm and
equal to or less than 700 pm.

[0025] Inthis specification, one direction parallel to the
first face F1 is referred to as a first direction. In addition, a
direction parallel to the first face F1 and perpendicular to
the first direction is referred to as a second direction. In
addition, in this specification, the "depth" is defined as a
distance in a direction toward the second face F2 with the
first face F1 as a reference.

[0026] The transistorregion 101 includes the semicon-
ductor layer 10, the upper electrode 12 (first electrode),
the lower electrode 14 (second electrode), the gate elec-
trode 16, the first conductive layer 18, the gate insulating
film 22, the first insulating film 24, and the interlayer
insulating layer 28.

[0027] In the semiconductor layer 10 of the transistor
region 101, the gate trench 31 (first trench), the first
dummy trench 32 (second trench), the collector region
41 (first semiconductor region), the drift region 42 (sec-
ond semiconductor region), the base region 43 (third
semiconductor region), the emitter region 44 (fourth
semiconductor region), the cell contact region 45 (fifth
semiconductor region), the resistance reduction region
46 (sixth semiconductor region), and the barrier region 47
(tenth semiconductor region) are provided.
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[0028] The upper electrode 12 is provided on the first
face F1 side of the semiconductor layer 10. In the tran-
sistor region 101, the upper electrode 12 functions as an
emitter electrode of the IGBT.

[0029] The upper electrode 12 has the first trench
contact portion 12x. The first trench contact portion
12x is formed in a trench provided in the semiconductor
layer 10. The first trench contact portion 12x extends in
the first direction.

[0030] The bottom surface of the first trench contact
portion 12x is in contact with the base region 43. The side
surfaces of the first trench contact portion 12x are in
contact with, for example, the base region 43, the emitter
region 44, the cell contact region 45, and the resistance
reduction region 46. The first trench contact portion 12x is
electrically connected to the base region 43, the emitter
region 44, the cell contact region 45, and the resistance
reduction region 46.

[0031] The contact between the first trench contact
portion 12x and the base region 43 is, for example, a
Schottky contact. The contact between the first trench
contact portion 12x and the emitter region 44 and the cell
contact region 45 is, for example, an ohmic contact. The
contact between the first trench contact portion 12x and
the resistance reduction region 46 is a Schottky contact
or an ohmic contact. It is preferable that the contact
between the first trench contact portion 12x and the
resistance reduction region 46 is an ohmic contact.
[0032] The upper electrode 12 is, for example, a metal
or a metal compound. The first trench contact portion 12x
and portions otherthan the first trench contact portion 12x
are formed of, for example, the same material. The first
trench contact portion 12x and the portions other than the
first trench contact portion 12x may be formed of different
materials.

[0033] The lower electrode 14 is provided on the sec-
ond face F2 side of the semiconductor layer 10. Atleast a
part of the lower electrode 14 is in contact with the second
face F2 of the semiconductor layer 10. In the transistor
region 101, the lower electrode 14 functions as a collector
electrode of the IGBT.

[0034] The lower electrode 14 is in contact with collec-
torregion 41 in transistor region 101. The lower electrode
14 is electrically connected to collector region 41 in
transistor region 101.

[0035] The lower electrode 14 is, for example, a metal
or a metal compound.

[0036] The collector region 41 is a p*-type semicon-
ductor region. The collector region 41 is in contact with
the second face F2. The collector region 41 is electrically
connected to the lower electrode 14. The collector region
41 is in contact with the lower electrode 14. The collector
region 41 serves as a source of holes when the IGBT is
ON.

[0037] The collector region 41 contains p-type impu-
rities. The p-type impurity is, for example, boron (B). The
p-type impurity concentration in the collector region 41 is,
for example, equal to or more than 1 X 1018 cm-3 and
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equal to or less than 1 X 1021 cm-3.

[0038] The drift region 42 is an n--type semiconductor
region. The drift region 42 is provided between the col-
lector region 41 and the first face F1.

[0039] The drift region 42 serves as an on-current path
whenthe IGBT is ON. The drift region 42 has a function of
being depleted when the IGBT is OFF to maintain the
breakdown voltage of the IGBT.

[0040] The drift region 42 contains n-type impurities.
The n-type impurity is, for example, phosphorus (P) or
arsenic (As). The n-type impurity concentration in the drift
region 42 is, for example, equal to or more than 1 x 1015
cm-3 and equal to or less than 1 X 1018 cm-3,

[0041] The base region 43 is a p~-type semiconductor
region. The base region 43 is provided between the drift
region 42 and the first face F1. The drift region 42 is
interposed between the base region 43 and the collector
region 41.

[0042] The depth of the base region 43 is, for example,
equal to or less than 5 um. In a region of the base region
43 facing the gate electrode 16, an n-type inversion layer
is formed when the IGBT is ON. The base region 43
functions as a channel region of the IGBT.

[0043] The base region 43 contains p-type impurities.
The p-type impurity is, for example, boron (B). The p-type
impurity concentration in the base region 43 is, for ex-
ample, equal to or more than 5 X 1016 cm-3 and equal to
or less than 5 X 1017 cm-3.

[0044] The emitter region 44 is an n*-type semicon-
ductor region. The emitter region 44 is provided between
the base region 43 and the first face F1. The emitter
region 44 is in contact with the first face F1.

[0045] The emitter region 44 is in contact with the gate
trench 31 and the first dummy trench 32. The emitter
region 44 is in contact with the gate insulating film 22 and
the first insulating film 24.

[0046] The emitter region 44 is in contact with the first
trench contact portion 12x of the upper electrode 12. The
emitter region 44 is electrically connected to the upper
electrode 12. The emitter region 44 serves as a source of
electrons when the IGBT is ON.

[0047] The emitter region 44 contains n-type impuri-
ties. The n-type impurity is, for example, phosphorus (P)
or arsenic (As). The n-type impurity concentration in the
emitter region 44 is higher than the n-type impurity con-
centration in the drift region 42. The n-type impurity
concentration in the emitter region 44 is, for example,
equal to or more than 1 X 10'® cm-3 and equal to or less
than 1 X 1021 cm3,

[0048] The cell contact region 45 is a p*-type semi-
conductor region. The cell contact region 45 is provided
between the base region 43 and the firstface F1. The cell
contact region 45 is in contact with the first face F1.
[0049] The cell contact region 45 is in contact with the
gate trench 31 and the first dummy trench 32. The cell
contactregion 45 is in contact with the gate insulating film
22 and the first insulating film 24.

[0050] The cell contact region 45 is in contact with the
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first trench contact portion 12x of the upper electrode 12.
The cell contact region 45 is electrically connected to the
upper electrode 12.

[0051] The cell contact region 45 contains p-type im-
purities. The p-type impurity is, for example, boron (B).
The p-type impurity concentration in the cell contact
region 45 is higher than the p-type impurity concentration
in the base region 43. The p-type impurity concentration
in the cell contact region 45 is, for example, equal to or
more than 5 X 1019 cm-3 and equal to or less than 1 X
1021 cm-3.

[0052] AsshowninFig.3,the emitterregion 44 and the
cell contact region 45 are alternately arranged in the first
direction on the first face F1. The width of the emitter
region 44 in the firstdirection on the firstface F1 is smaller
than the width of the cell contact region 45 in the first
direction on the first face F1, for example.

[0053] The resistance reduction region 46 is a p-type
semiconductor region. The resistance reduction region
46 is provided between the base region 43 and the
emitter region 44. The resistance reduction region 46
is in contact with the base region 43 and the emitter region
44, for example.

[0054] The resistance reduction region 46 is provided
between the base region 43 and the cell contact region
45, for example. The resistance reduction region 46 is in
contact with the base region 43 and the cell contact
region 45, for example. For example, the resistance
reduction region 46 extends in the first direction.

[0055] The resistance reduction region 46 is in contact
with the first trench contact portion 12x of the upper
electrode 12. The resistance reduction region 46 is in
contact with the side surfaces of the first trench contact
portion 12x. The resistance reduction region 46 is elec-
trically connected to the upper electrode 12.

[0056] The resistance reduction region 46 is spaced
from the gate trench 31. The resistance reduction region
46 is spaced apart the gate insulating film 22. The re-
sistance reduction region 46 is provided between the
gate trench 31 and the first trench contact portion 12x,
for example. For example, the base region 43 is provided
between the resistance reduction region 46 and the gate
trench 31. The base region 43 between the resistance
reduction region 46 and the gate trench 31 functions as a
channel region of the IGBT.

[0057] The resistance reduction region 46 is in contact
with the first dummy trench 32. The resistance reduction
region 46 is in contact with the first insulating film 24.
[0058] The depth of the resistance reduction region 46
is smaller than the depth of the first trench contact portion
12x.

[0059] The resistance reduction region 46 reduces the
electrical resistance of the lower portion of the emitter
region 44. The resistance reduction region 46 functions
as a path for holes to escape to the upper electrode 12
when the IGBT is turned off. Since the resistance reduc-
tion region 46 is provided, the operation of the parasitic
npn transistor is suppressed, so that the latch-up immu-
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nity of the RC-IGBT 100 is improved. In addition, since
the resistance reduction region 46 is in contact with the
first dummy trench 32, the hole current is discharged
along the sidewalls of the first dummy trench 32, so that
the resistance reduction region 46 functions effectively.
Therefore, the latch-up immunity can be improved com-
pared to when the resistance reduction region 46 is notin
contact with the first dummy trench 32.

[0060] The resistance reduction region 46 contains p-
type impurities. The p-type impurity is, forexample, boron
(B). The p-type impurity concentration in the resistance
reduction region 46 is higher than the p-type impurity
concentration in the base region 43 and lower than the p-
type impurity concentration in the cell contact region 45.
The p-type impurity concentration of the resistance re-
duction region 46 is, for example, equal to or more than 5
X 1017 cm-3 and equal to or less than 1 X 1019 cm-3.
[0061] The barrier region 47 is an n-type semiconduc-
tor region. The barrier region 47 is provided between the
drift region 42 and the base region 43.

[0062] The barrier region 47 has a function of promot-
ing accumulation of carriers when the IGBT is ON to
reduce the on-resistance.

[0063] Thebarrierregion47 contains n-type impurities.
The n-type impurity is, for example, phosphorus (P) or
arsenic (As). The n-type impurity concentration in the
barrier region 47 is, for example, equal to or more than 5
X 1015 ¢cm-3 and equal to or less than 5 X 1018 cm3.
[0064] The gate trench 31 is provided on the first face
F1 side of the semiconductor layer 10. The gate trench 31
is a groove provided in the semiconductor layer 10. The
gate trench 31 is a part of the semiconductor layer 10.
[0065] As shown in Fig. 3, the gate trench 31 extends
on the first face F1 in the first direction parallel to the first
face F1. The gate trench 31 has a stripe shape. A plurality
of gate trenches 31 are repeatedly arranged in the sec-
ond direction perpendicular to the first direction.

[0066] The gate trench 31 is in contact with the drift
region 42, the barrier region 47, the base region 43, the
emitterregion 44, and the cell contactregion 45. The gate
trench 31 is spaced from the resistance reduction region
46. This is because when the resistance reduction region
46 is in contact with the gate trench 31, the threshold
voltage becomes higher than the desired value because
the impurity concentration in the resistance reduction
region 46 is higher than thatin the base region 43, making
driving difficult. The gate trench 31 passes through the
base region 43 and the barrier region 47 to reach the drift
region 42. The depth of the gate trench 31 is, for example,
equal to or less than 8 um.

[0067] The gate electrode 16 is provided in the gate
trench 31. The gate electrode 16 is, for example, a
semiconductor or a metal. The gate electrode 16 is, for
example, amorphous silicon or polycrystalline silicon
containing n-type or p-type impurities. The gate electrode
16 is electrically connected to the gate electrode pad 103.
[0068] The gate insulating film 22 is provided between
the gate electrode 16 and the semiconductor layer 10.
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The gate insulating film 22 is provided between the gate
electrode 16 and the drift region 42, between the gate
electrode 16 and the base region 43, between the gate
electrode 16 and the emitter region 44, and between the
gate electrode 16 and the cell contactregion 45. The gate
insulating film 22 is, for example, a silicon oxide.
[0069] The first dummy trench 32 is provided on the
first face F1 side of the semiconductor layer 10. The first
dummy trench 32 is a groove provided in the semicon-
ductor layer 10. The first dummy trench 32 is a part of the
semiconductor layer 10.

[0070] As shown in Fig. 3, the first dummy trench 32
extends on the first face F1 in the first direction parallel to
the first face F1. The first dummy trench 32 has a stripe
shape. A plurality of first dummy trenches 32 are repeat-
edly arranged in the second direction perpendicular to
the first direction. The first dummy trench 32 is provided
between the two gate trenches 31 adjacent to each other.
[0071] The first dummy trench 32 is in contact with the
drift region 42, the barrier region 47, the base region 43,
the emitter region 44, the cell contact region 45, and the
resistance reduction region 46. The first dummy trench
32 passes through the base region 43 and the barrier
region 47 to reach the driftregion 42. The depth of the first
dummy trench 32 is, for example, equal to or less than 8
pm.

[0072] The first conductive layer 18 is provided in the
firstdummy trench 32. The first conductive layer 18 is, for
example, a semiconductor or a metal. The first conduc-
tive layer 18 is, for example, amorphous silicon or poly-
crystalline silicon containing n-type impurities or p-type
impurities.

[0073] The first conductive layer 18 is electrically con-
nected to the upper electrode 12, for example. It is also
possible to connect the first conductive layer 18 to an
electrode other than the upper electrode 12 and apply a
voltage different from the voltage for the upper electrode
12 to the first conductive layer 18. For example, the first
conductive layer 18 may be electrically connected to the
gate electrode pad 103.

[0074] The first insulating film 24 is provided between
the first conductive layer 18 and the semiconductor layer
10. Thefirstinsulating film 24 is provided between the first
conductive layer 18 and the drift region 42, between the
first conductive layer 18 and the base region 43, between
the first conductive layer 18 and the emitter region 44,
between the first conductive layer 18 and the cell contact
region 45, and between the first conductive layer 18 and
the resistance reduction region 46. The first insulating
film 24 is, for example, a silicon oxide.

[0075] The interlayer insulating layer 28 is provided
between the gate electrode 16 and the upper electrode
12. The interlayer insulating layer 28 electrically isolates
the gate electrode 16 and the upper electrode 12 from
each other. For example, the first conductive layer 18 and
the upper electrode 12 are electrically connected to each
other by using an opening provided in the interlayer
insulating layer 28. The interlayer insulating layer 28 is,
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for example, a silicon oxide.

[0076] The diode region 102 includes the semiconduc-
tor layer 10, the upper electrode 12 (first electrode), the
lower electrode 14 (second electrode), the second con-
ductive layer 20, and the second insulating film 26.
[0077] In the semiconductor layer 10 of the diode re-
gion 102, the second dummy trench 33 (third trench), the
drift region 42 (second semiconductor region), the cath-
ode region 51 (seventh semiconductor region), the an-
ode region 52 (eighth semiconductor region), and the
diode contact region 53 (ninth semiconductor region) are
provided.

[0078] In the diode region 102, the upper electrode 12
functions as an anode electrode of the diode. The upper
electrode 12isin contact with the anode region 52 and the
diode contact region 53. The upper electrode 12 is elec-
trically connected to the anode region 52 and the diode
contact region 53.

[0079] The contact between the upper electrode 12
and the diode contact region 53 is, for example, an ohmic
contact. In addition, the contact between the upper elec-
trode 12 and the anode region 52 is, for example, a
Schottky contact.

[0080] Theupperelectrode 12 andthe anode region 52
are in contact with each other on the first face F1. The
position where the upper electrode 12 and the anode
region 52 are in contact with each other is shallower than
the depth of the diode contact region 53.

[0081] In the diode region 102, the lower electrode 14
functions as a cathode electrode of the diode. The lower
electrode 14 is in contact with the cathode region 51.
[0082] The cathode region 51 is an n*-type semicon-
ductorregion. The cathode region 51 is in contact with the
second face F2. The cathode region 51 serves as a
source of electrons when the diode is ON. The cathode
region 51 is in contact with the lower electrode 14.
[0083] The drift region 42 is an n--type semiconductor
region. The drift region 42 is provided between the cath-
ode region 51 and the first face F1. The n-type impurity
concentrationin the driftregion 42 is lower than the n-type
impurity concentration in the cathode region 51.

[0084] The drift region 42 serves as an on-current path
when the diode is ON.

[0085] The anode region 52 is a p-type semiconductor
region. The anode region 52 is provided between the drift
region 42 and the first face F1. The drift region 42 is
interposed between the anode region 52 and the cathode
region 51.

[0086] The anode region 52 serves as a source of
holes when the diode is ON.

[0087] The diode contact region 53 is a p*-type semi-
conductor region. The diode contact region 53 is pro-
vided between the anode region 52 and the first face F1.
[0088] The diode contact region 53 is in contact with
the upper electrode 12. The diode contact region 53 is
electrically connected to the upper electrode 12.

[0089] The p-type impurity concentration in the diode
contact region 53 is higher than the p-type impurity con-
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centration in the anode region 52.

[0090] The second dummy trench 33is provided onthe
first face F1 side of the semiconductor layer 10. The
second dummy trench 33 is a groove provided in the
semiconductor layer 10. The second dummy trench 33 is
a part of the semiconductor layer 10.

[0091] AsshowninFig.3,the second dummytrench 33
extends on the first face F1 in the first direction parallel to
the first face F1. The second dummy trench 33 has a
stripe shape. A plurality of second dummy trenches 33
are repeatedly arranged in the second direction perpen-
dicular to the first direction.

[0092] The second dummy trench 33 is in contact with
the drift region 42, the anode region 52, and the diode
contact region 53. The second dummy trench 33 passes
through the anode region 52 to reach the drift region 42.
The depth of the second dummy trench 33 is, for exam-
ple, equal to or less than 8 pm.

[0093] The second conductive layer 20 is provided in
the second dummy trench 33. The second conductive
layer 20 is, for example, a semiconductor or a metal. The
second conductive layer 20 is, for example, amorphous
silicon or polycrystalline silicon containing n-type impu-
rities or p-type impurities.

[0094] The second conductive layer 20 is electrically
connected to the upper electrode 12, for example. It is
also possible to connect the second conductive layer 20
to an electrode other than the upper electrode 12 and
apply a voltage different from the voltage for the upper
electrode 12 to the second conductive layer 20.

[0095] The second insulating film 26 is provided be-
tween the second conductive layer 20 and the semicon-
ductor layer 10. The second insulating film 26 is provided
between the second conductive layer 20 and the drift
region 42, between the second conductive layer 20 and
the anode region 52, and between the second conductive
layer 20 and the diode contact region 53. The second
insulating film 26 is in contact with the drift region 42, the
anode region 52, and the diode contact region 53. The
second insulating film 26 is, for example, a silicon oxide.
[0096] The interlayer insulating layer 28 is provided
between the second conductive layer 20 and the upper
electrode 12. For example, the second conductive layer
20 and the upper electrode 12 are electrically connected
to each other by using an opening provided in the inter-
layer insulating layer 28.

[0097] The gate electrode pad 103 is provided on the
first face F1 side of the semiconductor layer 10. The gate
electrode pad 103 is electrically connected to the gate
electrode 16. The gate electrode pad 103 and the gate
electrode 16 are connected to each other by using, for
example, a metal wiring (not shown).

[0098] A gate voltage is applied to the gate electrode
pad 103.

[0099] Next, the function and effect of the semiconduc-
tor device according to the first embodiment will be
described.

[0100] In the RC-IGBT 100 according to the first em-
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bodiment, it is possible to achieve both a reduction in
switching loss and an improvement in latch-up immunity.
The RC-IGBT 100 includes the first trench contact portion
12x and the resistance reduction region 46 in the tran-
sistor region 101. Then, the bottom surface of the first
trench contact portion 12x is in contact with the base
region 43. In particular, since the RC-IGBT 100 has the
above configuration, it is possible to achieve both a
reduction in switching loss and an improvement in
latch-up immunity. Details description will be given below.
[0101] Fig. 5 is a schematic cross-sectional view of a
part of a semiconductor device according to a compara-
tive example. Fig. 5 is a cross-sectional view taken along
the line XX’ of Fig. 6. Fig. 5 is a diagram corresponding to
Fig. 2 in the first embodiment.

[0102] Fig. 6 is a schematic top view of a part of the
semiconductor device according to the comparative ex-
ample.

[0103] Fig.6is atop view onthefirstface F1.Fig.6isa

diagram corresponding to Fig. 3 according to the first
embodiment.

[0104] Fig. 7 is a schematic cross-sectional view of a
part of the semiconductor device according to the com-
parative example. Fig. 7 is a cross-sectional view taken
along the line YY’ of Fig. 6. Fig. 7 is a diagram corre-
sponding to Fig. 4 in the first embodiment.

[0105] The semiconductor device according to the
comparative example is an RC-IGBT 900. The RC-IGBT
900 is different from the RC-IGBT 100 according to the
first embodiment in that the resistance reduction region
46 is not provided and a p-type region 55 is provided.
[0106] The p-type region 55 is a p-type semiconductor
region. The p-type region 55 is provided between the
base region 43 and the first trench contact portion 12x.
The p-type region 55 is in contact with the bottom surface
of the first trench contact portion 12x.

[0107] The p-type impurity concentration in the p-type
region 55 is higher than the p-type impurity concentration
in the base region 43. The contact between the first
trench contact portion 12x and the p-type region 55 is,
for example, an ohmic contact.

[0108] TheRC-IGBT 900 according tothe comparative
example includes the p-type region 55 in contact with the
bottom surface of the first trench contact portion 12x.
Providing the p-type region 55 promotes the discharge of
holes from the p-type region 55 to the upper electrode 12
when the IGBT is turned off. Therefore, the operation of
the parasitic npn transistor in the transistor region is
suppressed. As a result, the latch-up immunity of the
RC-IGBT 900 is improved.

[0109] Fig. 8is an explanatory diagram of a problem of
the semiconductor device according to the comparative
example. Fig. 8 is a diagram corresponding to Fig. 5. Fig.
8 is a diagram showing the flow of holes during steady
operation of the diode.

[0110] As shown in Fig. 8, in the transistor region 101
near the boundary with the diode region 102, the amount
of holes injected from the base region 43 into the drift



15 EP 4 528 819 A1 16

region 42 during steady operation of the diode is large.
Therefore, during steady operation of the diode, the
amount of holes injected from the transistor region 101
into the drift region 42 of the diode region 102 increases.
[0111] The reason why the amount of holes injected
into the transistor region 101 of the RC-IGBT 900 accord-
ing to the comparative example is large is considered to
be that the amount of holes injected from the p-type
region 55 at the bottom of the first trench contact portion
12x is large.

[0112] Fig. 9is an explanatory diagram of the function
and effect of the semiconductor device according to the
first embodiment. Fig. 9 is a diagram corresponding to
Fig. 2. Fig. 9is adiagram showing the flow of holes during
steady operation of the diode.

[0113] AsshowninFig. 9, the amount of holes injected
into the transistor region 101 near the boundary with the
diode region 102 is smaller than that in the comparative
example. The RC-IGBT 100 according to the first embo-
diment does not include the p-type region 55 at the
bottom of the first trench contact portion 12x. Therefore,
itis considered that holes are notinjected from the bottom
of the first trench contact portion 12x.

[0114] Inaddition, inthe RC-IGBT 100 according to the
first embodiment, during steady operation of the diode,
electrons are discharged to the upper electrode 12
through the contact surface between the bottom surface
of the first trench contact portion 12x and the base region
43, which make a Schottky contact therebetween. There-
fore, it is considered that the injection of holes from the
base region 43 into the drift region 42 is suppressed.
[0115] Fig. 10is an explanatory diagram of the function
and effect of the semiconductor device according to the
first embodiment. Fig. 10 is a diagram showing the cur-
rent characteristics of diodes in the RC-IGBT 100 accord-
ing to the firstembodiment and the RC-IGBT 900 accord-
ing to the comparative example.

[0116] As the amount of holes injected into the diode
region 102 from the transistor region 101 near the bound-
ary with the diode region 102 during steady operation of
the diode increases, the amount of holes to be dis-
charged to the upper electrode 12 when the diode is
turned off increases. As the amount of holes to be dis-
charged from the upper electrode 12 increases, the
reverse recovery current of the diode increases. As the
reverse recovery current of the diode increases, the
switching loss of the diode increases.

[0117] In the RC-IGBT 100 according to the first em-
bodiment, the amount of holes injected from the transis-
tor region 101 into the diode region 102 during steady
operation of the diode is smaller than thatin the RC-IGBT
900 according to the comparative example. Therefore, as
shown in Fig. 10, the reverse recovery current of the
diode in the RC-IGBT 100 according to the first embodi-
mentis smaller than thatin the RC-IGBT 900 according to
the comparative example. As a result, in the RC-IGBT
100 according to the first embodiment, the switching loss
of the diode is reduced.
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[0118] The RC-IGBT 100 according to the first embodi-
ment does not include the p-type region 55 at the bottom
of the first trench contact portion 12x. However, the RC-
IGBT 100 includes the p-type resistance reduction region
46 between the base region 43 and the emitter region 44.
The p-type resistance reduction region 46 is in contact
with the side surfaces of the first trench contact portion
12x.

[0119] Since the RC-IGBT 100 according to the first
embodiment includes the resistance reduction region 46
in contact with the side surfaces of the first trench contact
portion 12x, the discharge of holes from the resistance
reduction region 46 to the upper electrode 12 when the
IGBT is turned off is promoted. Therefore, the operation
of the parasitic npn transistor in the transistor region 101
is suppressed. As a result, the latch-up immunity of the
RC-IGBT 100 is improved.

[0120] As described above, according to the RC-IGBT
100 according to the first embodiment, it is possible to
achieve both a reduction in switching loss and an im-
provement in latch-up immunity.

[0121] From the viewpoint of promoting the discharge
of holes from the resistance reduction region 46 to the
upper electrode 12, itis preferable that the p-type impurity
concentration in the resistance reduction region 46 is
high. The p-type impurity concentration in the resistance
reduction region 46 is higher than the p-type impurity
concentration in the base region 43. The p-type impurity
concentration in the resistance reduction region 46 is
preferably equal to or more than 5 X 1017 cm-3, more
preferably equal to or more than 1 X 1018 cm-3, and even
more preferably equal to or more than 5 X 1018 ¢cm-3.
[0122] From the viewpoint of stabilizing the threshold
voltage of the IGBT, it is preferable that the p-type im-
purity concentration of the resistance reduction region 46
adjacent to the channel region of the IGBT is low. The p-
type impurity concentration of the resistance reduction
region 46 is lower than the p-type impurity concentration
of the cell contact region 45. The p-type impurity con-
centration of the resistance reduction region 46 is pre-
ferably equal to or less than 1 X 1019 ¢cm-3.

[0123] From the viewpoint of facilitating the formation
of the resistance reduction region 46, it is preferable to
provide the first dummy trench 32 in contact with the
resistance reduction region 46. Since the width of the
resistance reduction region 46 in the second direction
can beincreased, it becomes easy to form the resistance
reduction region 46.

[0124] From the viewpoint of improving the latch-up
immunity, itis preferable to provide the firstdummy trench
32. In particular, since the first conductive layer 18 in the
first dummy trench 32 is electrically connected to the
upper electrode 12, holes easily flow along the side
surfaces of the first dummy trench 32 when the IGBT is
turned off. Therefore, the discharge of holes from the
resistance reduction region 46 to the upper electrode 12
is promoted. As a result, the latch-up immunity of the RC-
IGBT 100 is improved.
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[0125] From the viewpoint of improving the latch-up
immunity, it is preferable that the width of the emitter
region 44 in the first direction is small. From the viewpoint
ofimproving the latch-up immunity, itis preferable thatthe
width of the emitter region 44 in the first direction on the
first face F1 is smaller than the width of the cell contact
region 45 in the first direction on the first face F1. In
addition, by adjusting the width of the emitter region 44
and the width of the cell contact region 45 to adjust the
transconductance, it is possible to increase the short
circuit withstand time.

[0126] From the viewpoint of promoting the discharge
of electrons to the upper electrode 12 during steady
operation of the diode and suppressing the injection of
holes into the drift region 42, it is preferable that the base
region 43 is in contact with the side surfaces of the first
trench contact portion 12x.

[0127] In addition, although the case where there are
one transistor region 101 and one diode region 102 has
been exemplified in Fig. 1, each of the transistor region
101 and the diode region 102 may be divided into a
plurality of regions and arranged alternately. By dividing
each of the transistor region 101 and the diode region 102
into a plurality of regions, the generation of heat in the
IGBT and the diode can be made uniform.

(First Modification Example)

[0128] A semiconductor device according to a first
modification example of the first embodiment is different
from the semiconductor device according to the first
embodiment in that the diode region further includes a
tenth semiconductor region between the second semi-
conductor region and the eighth semiconductor region.
[0129] Fig. 11 is a schematic cross-sectional view of a
part of the semiconductor device according to the first
modification example of the firstembodiment. Fig. 11is a
cross-sectional view taken along the line CC’ of Fig. 12.
Fig. 11 is a diagram corresponding to Fig. 2 in the first
embodiment.

[0130] Fig. 12 is a schematic top view of a part of the
semiconductor device according to the first modification
example of the first embodiment. Fig. 12 is a top view on
thefirstface F1.Fig. 12is adiagram corresponding to Fig.
3 in the first embodiment.

[0131] Fig. 13 is a schematic cross-sectional view of a
part of the semiconductor device according to the first
modification example of the firstembodiment. Fig. 13is a
cross-sectional view taken along the line DD’ of Fig. 12.
Fig. 13 is a diagram corresponding to Fig. 4 according to
the first embodiment.

[0132] The semiconductor device according to the first
modification example of the first embodiment is an RC-
IGBT 110. The RC-IGBT 110 is different from the RC-
IGBT 100 according to the first embodiment in that the
diode region 102 includes the barrier region 47.

[0133] The barrier region 47 is an n-type semiconduc-
tor region. The barrier region 47 is provided between the
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drift region 42 and the anode region 52.

[0134] Thebarrierregion47 contains n-type impurities.
The n-type impurity is, for example, phosphorus (P) or
arsenic (As). The n-type impurity concentration in the
barrier region 47 is, for example, equal to or more than 5
X 1015 cm-3 and equal to or less than 5 X 1018 cm-3.
[0135] The barrierregion 47 has a function of suppres-
sing the injection of holes into the drift region 42 when the
diode is ON. Therefore, the amount of holes to be dis-
charged to the upper electrode 12 when the diode is
turned off is reduced. As the amount of holes to be
discharged from the upper electrode 12 decreases, the
reverse recovery current of the diode decreases. As the
reverse recovery current of the diode decreases, the
switching loss of the diode decreases.

[0136] Therefore, according to the RC-IGBT 110 ac-
cording to the first modification example of the first em-
bodiment, it is possible to further reduce the switching
loss.

(Second Modification Example)

[0137] A semiconductor device according to a second
modification example of the first embodiment is different
from the semiconductor device according to the first
embodiment in that the diode region further includes
an eleventh semiconductor region of the first conductive
type having a first conductive type impurity concentration
higher than that in the eighth semiconductor region, the
first electrode of the diode region includes a second
portion, side surfaces of the second portion are in contact
with the eighth semiconductor region, a bottom surface of
the second portion is in contact with the eleventh semi-
conductor region, and the eleventh semiconductor re-
gion is provided between the eighth semiconductor re-
gion and the second portion.

[0138] Fig. 14 is a schematic cross-sectional view of a
part of a semiconductor device according to a second
modification example of the firstembodiment. Fig. 14 is a
cross-sectional view taken along the line EE’ of Fig. 15.
Fig. 14 is a diagram corresponding to Fig. 2 in the first
embodiment.

[0139] Fig. 15 is a schematic top view of a part of the
semiconductor device according to the second modifica-
tion example of the first embodiment. Fig. 15 is a top view
on the first face F1. Fig. 15 is a diagram corresponding to
Fig. 3 in the first embodiment.

[0140] Fig. 16 is a schematic cross-sectional view of a
part of the semiconductor device according to the second
modification example of the first embodiment. Fig. 16 is a
cross-sectional view taken along the line FF’ of Fig. 15.
Fig. 16 is a diagram corresponding to Fig. 4 in the first
embodiment.

[0141] The semiconductor device according to the
second modification example of the first embodiment is
an RC-IGBT 120. The RC-IGBT 120 is different from the
RC-IGBT 100 according to the first embodiment in that
the diode region 102 includes a trench bottom p-type
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region 56 (eleventh semiconductor region) and the upper
electrode 12 of the diode region 102 has a second trench
contact portion 12y (second portion).

[0142] The second trench contact portion 12y is
formed in a trench provided in the semiconductor layer
10. The second trench contact portion 12y extends in the
first direction.

[0143] The bottom surface of the second trench con-
tact portion 12y is in contact with the trench bottom p-type
region 56. The side surfaces of the second trench contact
portion 12y are in contact with the anode region 52. The
second trench contact portion 12y is electrically con-
nected to the trench bottom p-type region 56 and the
anode region 52.

[0144] The trench bottom p-type region 56 is a p-type
semiconductor region. The trench bottom p-type region
56 is provided between the anode region 52 and the
second trench contact portion 12y. The trench bottom
p-type region 56 is in contact with the second trench
contact portion 12y.

[0145] The p-type impurity concentration in the trench
bottom p-type region 56 is higher than the p-type impurity
concentration in the anode region 52. The contact be-
tween the second trench contact portion 12y and the
trench bottom p-type region 56 is, for example, an ohmic
contact.

[0146] According tothe RC-IGBT 120 according to the
second modification example of the first embodiment, for
example, the first trench contact portion 12x of the tran-
sistor region 101 and the second trench contact portion
12y of the diode region 102 can be manufactured through
a common process.

[0147] As described above, according to the first em-
bodiment and its modification examples, it is possible to
provide semiconductor devices that can achieve both a
reduction in switching loss and an improvement in latch-
up immunity.

(Second Embodiment)

[0148] A semiconductor device according to a second
embodiment is different from the semiconductor device
according to the first embodiment in that the transistor
region does not include the second trench. Hereinafter,
the description of a part of the content overlapping the
first embodiment may be omitted.

[0149] The semiconductor device according to the
second embodiment is an RC-IGBT 200 in which an
IGBT and a freewheeling diode are formed in the same
semiconductor chip. The RC-IGBT 200 has a trench gate
type IGBT including a gate electrode in a trench formed in
a semiconductor layer. Hereinafter, a case where the first
conductive type is p-type and the second conductive type
is n-type will be described as an example.

[0150] Fig. 17 is a schematic cross-sectional view of a
part of the semiconductor device according to the second
embodiment. Fig. 17 is a cross-sectional view taken
along the line GG’ of Fig. 18. Fig. 17 is a diagram corre-
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sponding to Fig. 2 in the first embodiment.

[0151] Fig. 18 is a schematic top view of a part of the
semiconductor device according to the second embodi-
ment.

[0152] Fig.18isatopviewonthefirstface F1.Fig. 18is
adiagram corresponding to Fig. 3 in the firstembodiment.
[0153] Fig. 19is a schematic cross-sectional view of a
part of the semiconductor device according to the second
embodiment. Fig. 19 is a cross-sectional view taken
along the line HH’ of Fig. 18. Fig. 19 is a diagram corre-
sponding to Fig. 4 in the first embodiment.

[0154] The semiconductor device according to the
second embodiment is the RC-IGBT 200. The RC-IGBT
200 has a transistor region 101 and a diode region 102.
[0155] The transistor region 101 operates as an IGBT.
The diode region 102 operates as a freewheeling diode.
[0156] The RC-IGBT 200 according to the second
embodiment includes a semiconductor layer 10, an
upper electrode 12 (first electrode), a lower electrode
14 (second electrode), a gate electrode 16, a second
conductive layer 20, a gate insulating film 22, a second
insulating film 26, an interlayer insulating layer 28, and a
gate electrode pad 103.

[0157] Theupperelectrode 12 has afirsttrench contact
portion 12x (first portion).

[0158] Inthe semiconductor layer 10, a gate trench 31
(first trench), a second dummy trench 33 (third trench), a
collector region 41 (first semiconductor region), a drift
region 42 (second semiconductor region), a base region
43 (third semiconductor region), an emitter region 44
(fourth semiconductor region), a cell contact region 45
(fifth semiconductor region), a resistance reduction re-
gion 46 (sixth semiconductor region), a barrier region 47
(tenth semiconductor region), a cathode region 51 (se-
venth semiconductor region), an anode region 52 (eighth
semiconductor region), and a diode contact region 53
(ninth semiconductor region) are provided.

[0159] In the RC-IGBT 200 according to the second
embodiment, it is possible to achieve both a reduction in
switching loss and an improvement in latch-up immunity,
asinthe RC-IGBT 100 according to the firstembodiment.
[0160] Inaddition,inthe RC-IGBT 200 according to the
second embodiment, the occupation rate of the gate
trench 31 in the transistor region 101 is higher than that
in the RC-IGBT 100 according to the first embodiment.
Therefore, for example, it is possible to realize the RC-
IGBT 200 with lower on-resistance and higher on-current
than the RC-IGBT 100 according to the firstembodiment.
[0161] As described above, according to the second
embodiment, it is possible to provide a semiconductor
device that can achieve both a reduction in switching loss
and an improvement in latch-up immunity.

[0162] In the first and second embodiments, the case
where the semiconductor layer is single crystal silicon
has been described as an example. However, the semi-
conductor layer is not limited to the single crystal silicon.
For example, other single crystal semiconductors, such
as single crystal silicon carbide, may be used.
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[0163] In the first and second embodiments, the case
where the first conductive type is p-type and the second
conductive type is n-type has been described as an
example. However, the first conductive type can be n-
type and the second conductive type can be p-type.
[0164] In the first and second embodiments, the case
where the second dummy trench 33 is provided in the
diode region 102 has been described as an example.
However, it is also possible not to provide the second
dummy trench 33 in the diode region 102.

[0165] While certain embodiments have been de-
scribed, these embodiments have been presented by
way of example only, and are not intended to limit the
scope of the inventions. Indeed, the semiconductor de-
vice described herein may be embodied in a variety of
other forms; furthermore, various omissions, substitu-
tions and changes in the form of the devices and methods
described herein may be made without departing from
the spirit of the inventions. The accompanying claims and
their equivalents are intended to cover such forms or
modifications as would fall within the scope and spirit of
the inventions.

[0166] Itis explicitly stated that all features disclosed in
the description and/or the claims are intended to be
disclosed separately and independently from each other
for the purpose of original disclosure as well as for the
purpose of restricting the claimed invention independent
of the composition of the features in the embodiments
and/or the claims. It is explicitly stated that all value
ranges or indications of groups of entities disclose every
possible intermediate value or intermediate entity for the
purpose of original disclosure as well as for the purpose
of restricting the claimed invention, in particular as limits
of value ranges.

Claims

1. A semiconductor device (100,110,120,200), com-
prising:

a transistor region (101) including:

a semiconductor layer (10) having a first
face (F1) and a second face (F2) opposite
to the first face (F1) ;

a first semiconductor region (41) of a first
conductive type provided in the semicon-
ductor layer (10);

a second semiconductor region (42) of a
second conductive type provided in the
semiconductor layer (10) and provided be-
tween the first semiconductor region (41)
and the first face (F1);

a third semiconductor region (43) of the first
conductive type provided in the semicon-
ductor layer (10) and provided between the
second semiconductor region (42) and the
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first face (F1);

a fourth semiconductor region (44) of the
second conductive type and a fifth semicon-
ductor region (45) of the first conductive
type provided in the semiconductor layer
(10), provided between the third semicon-
ductor region (43) and the first face (F1),
and arranged alternately in a first direction
parallel to the first face (F1);

a sixth semiconductor region (46) of the first
conductive type provided between the third
semiconductor region (43) and the fourth
semiconductor region (44) and having a first
conductive type impurity concentration
higher than a first conductive type impurity
concentration in the third semiconductor
region (43) and lower than a first conductive
type impurity concentration in the fifth semi-
conductor region (45);

a first trench (31) provided on a first face
side in the semiconductor layer (10), ex-
tending in the first direction, repeatedly ar-
ranged in a second direction parallel to the
first face (F1) and perpendicular to the first
direction, in contact with the second semi-
conductor region (42), the third semicon-
ductor region (43), the fourth semiconduc-
tor region (44), and the fifth semiconductor
region (45), and spaced from the sixth semi-
conductor region (46);

a gate electrode (16) provided in the first
trench (31);

a gate insulating film (22) provided between
the gate electrode (16) and the third semi-
conductor region (43) ;

a first electrode (12) provided on the first
face side with respect to the semiconductor
layer (10) and having a first portion (12x), a
bottom surface of the first portion (12x)
being in contact with the third semiconduc-
tor region (43) and side surfaces of the first
portion (12x) being in contact with the fourth
semiconductor region (43), the fifth semi-
conductor region (45), and the sixth semi-
conductor region (46); and

a second electrode (14) provided on a sec-
ond face side with respect to the semicon-
ductor layer (10) and in contact with the first
semiconductor region (41); and

a diode region including (102):

the semiconductor layer (10);

the second semiconductor region (42);

a seventh semiconductor region (51) of the
second conductive type provided in the
semiconductor layer (10), provided be-
tween the second semiconductor region
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(42) and the second face (F2), and having a
second conductive type impurity concentra-
tion higher than a second conductive type
impurity concentration in the second semi-
conductor region (42);

an eighth semiconductor region (52) of the
first conductive type provided in the semi-
conductor layer (10) and provided between
the second semiconductor region (42) and
the first face (F2);

the first electrode (12) electrically con-
nected to the eighth semiconductor region
(52); and

the second electrode (14) in contact with the
seventh semiconductor region (51).

The semiconductor device (100,110,120,200) ac-
cording to claim 1,

wherein the sixth semiconductor region (46) extends
in the first direction, and the fifth semiconductor
region (45) is provided between the sixth semicon-
ductor region (46) and the first face (F1).

The semiconductor device (100,110,120,200) ac-
cording to claim 1 or 2,

wherein the sixth semiconductor region (46) is pro-
vided between the first trench (31) and the first por-
tion (12x).

The semiconductor device (100,110,120) according
to any one of claims 1 to 3,
wherein the transistor region (101) further includes:

a second trench (32) provided on the first face
side in the semiconductor layer (10), provided
between two adjacent first trenches (31), ex-
tending in the first direction, and in contact with
the second semiconductor region (42), the third
semiconductor region (43), the fourth semicon-
ductor region (44), the fifth semiconductor re-
gion (45), and the sixth semiconductor region
(46);

a first conductive layer (18) provided in the sec-
ond trench (32); and

a first insulating film (24) provided between the
first conductive layer (18) and the third semicon-
ductor region (43).

The semiconductor device (100,110,120) according
to claim 4,

wherein the first conductive layer (18) is electrically
connected to the first electrode (12).

The semiconductor device (100,110,120,200) ac-
cording to any one of claims 1 to 5,

wherein a width of the fourth semiconductor region
(44) in the first direction is smaller than a width of the
fifth semiconductor region (45) in the first direction.
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The semiconductor device (100,110,120,200) ac-
cording to any one of claims 1 to 6,

wherein the diode region (102) furtherincludes a
ninth semiconductor region (53) of the first con-
ductive type provided in the semiconductorlayer
(10), provided between the eighth semiconduc-
torregion (52) and the first face (F1), and having
a first conductive type impurity concentration
higher than a first conductive type impurity con-
centration in the eighth semiconductor region
(52), and

the first electrode (12) is in contact with the ninth
semiconductor region (53).

The semiconductor device (100,110,120,200) ac-
cording to any one of claims 1 to 7,

wherein the transistor region (101) further includes a
tenth semiconductor region (47) of the second con-
ductive type provided between the second semicon-
ductor region (42) and the third semiconductor re-
gion (43) and having a second conductive type im-
purity concentration higher than a second conduc-
tive type impurity concentration in the second semi-
conductor region (42).

The semiconductor device (110) according to claim
8,

wherein the diode region (102) further includes the
tenth semiconductor region (47) provided between
the second semiconductor region (42) and the eighth
semiconductor region (52).

The semiconductor device (120) according to any
one of claims 1 to 9,

wherein the diode region (102) further includes
an eleventh semiconductor region (56) of the
first conductive type having a first conductive
type impurity concentration higher than a first
conductive type impurity concentration in the
eighth semiconductor region (52),

the first electrode (12) of the diode region (102)
includes a second portion (12y), side surfaces of
the second portion (12y) are in contact with the
eighth semiconductor region (52), and a bottom
surface of the second portion (12y) is in contact
with the eleventh semiconductor region (56),
and

the eleventh semiconductor region (56) is pro-
vided between the eighth semiconductor region
(52) and the second portion (12y).

The semiconductor device (100,110,120,200) ac-
cording to any one of claims 1 to 10,

wherein the diode region (102) further includes:

a third trench (33) provided on the first face side
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in the semiconductor layer (10), extending in the
first direction, and in contact with the second
semiconductor region (42) and the eighth semi-
conductor region (52);

a second conductive layer (20) provided in the
third trench (33); and

a second insulating film (26) provided between
the second conductive layer (20) and the eighth
semiconductor region (52).

The semiconductor device (100,110,120,200) ac-
cording to claim 11,

wherein the second conductive layer (20) is electri-
cally connected to the first electrode (12).

The semiconductor device (100,110,120,200) ac-
cording to any one of claims 1 to 12,

wherein the side surfaces of the first portion (12x) are
in contact with the third semiconductor region (43).

The semiconductor device (100,110,120,200) ac-
cording to any one of claims 1 to 13,

wherein a depth of the sixth semiconductor region
(46) is smaller than a depth of the first portion (12x).
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